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Abstract 



An ink droplet ejecting method and apparatus are provided that are capable of effecting printing at a 
high resolution and a high quality, and at the same time capable of preventing a drop-out in white and a 
decrease of print density from occurring, for example, in printing a solid pattern. As a jet pulse signal, a 
pulse signal is used which, when ejection of ink is performed in a continuous manner, provides a small 
ink droplet for only a first dot, and large ink droplets for second and subsequent dots and which, when 
ejection of ink is performed intermittently at intervals of only one dot, provides small ink droplets for all 
of the ink droplets formed. As a result, a small print portion becomes attractive, and the resolution can 
be enhanced. Further, in the case of continuous dots, no gap is formed between adjacent dots 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance resolution in case of printing via 
an interval and prevent broken characters in case of recording in black 
solid by using a small ink liquid drop only at a first time and large ink liquid 
drops at a second time and thereafter when the ink liquid drops are jetted 
as jet pulse signals continuously. 

SOLUTION: Ink liquid drops are made small when only one drop is jetted 
and drops are jetted via an interval ((a), (c)). (b) indicates that only first 
one of ink liquid drops jetted continuously is made small and a second and 
thereafter drops are made large (1-5 designate numbers of the continuous 
dots). Fine parts of characters, patterns, etc., can be printed beautifully 
with enhanced resolution. When the dots are to be recorded continuously 
in a paint pattern (black solid), generation of broken characters and a 
decrease in printing density are prevented, thus enabling high-quality 
printing. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By impressing an injection pulse signal to an actuator for changing capacity of an ink room where it filled up 
with ink, make the ink interior of a room generate a pressure wave, and a pressure is applied to ink. In an ink drop 
injection method of making an ink drop injecting from a nozzle, an unit or two or more injection pulse signals are 
impressed to said actuator to predetermined periodic timing according to a single dot or a continuous printing instruction 
of two or more dots. It is the ink drop injection method which the 1st shot of the beginning becomes a small ink drop, 
and is characterized by using that from which it becomes a large ink drop after the 2nd shot when making an ink drop 
inject and injecting continuously as said injection pulse signal. 

[Claim 2] It is the ink drop injection method according to claim 1 characterized by using what serves as a small drop 
when [ all ] setting only 1 dot and injecting a gap as said injection pulse signal. 

[Claim 3] An ink drop injection method according to claim 1 or 2 which considers as an injection pulse signal which 
makes an ink drop small, makes small peak value or pulse width of a pulse signal, and is characterized by using any one 
or plurality although a pulse for control was added, a pulse started and /falling time amount or printing frequency was 
changed. 

[Claim 4] An ink room where it fills up with ink, and an actuator to which capacity of said ink room is changed, As 
opposed to a drive power supply for impressing an electrical signal to said actuator, and a printing instruction of 1 dot In 
an ink drop fuel injection equipment equipped with a control unit which impresses an injection pulse signal to said 
actuator from said drive power supply in order to inject ink of the ink interior of a room said control unit According to a 
single dot or a continuous printing instruction of two or more dots, an unit or two or more injection pulse signals are 
impressed to said actuator to predetermined periodic timing. It is the ink drop fuel injection equipment characterized by 
for the 1st shot of the beginning becoming a small ink drop, and choosing that from which it becomes a large ink drop 
after the 2nd shot when making an ink drop inject and injecting continuously as said injection pulse signal. 
[Claim 5] Said control unit is an ink drop fuel injection equipment according to claim 4 characterized by choosing what 
serves as a small drop when [ all ] setting only 1 dot and injecting a gap as said injection pulse signal. 
[Claim 6] Said control unit is an ink drop fuel injection equipment according to claim 4 which considers as an injection 
pulse signal which makes an ink drop small, makes small peak value or pulse width of a pulse signal, and is 
characterized by choosing any one or plurality although a pulse for control was added, a pulse started and /falling time 
amount or printing frequency was changed. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the ink drop injection method by the ink jet 

method, and its equipment. 

[0002] 

[Description of the Prior Art] From the former, as an ink fuel injection equipment of an ink jet method, the capacity of 
ink passage is changed according to deformation of electrostrictive ceramics, the ink in ink passage is injected as a drop 
from a nozzle at the time of the capacity reduction, and what introduced ink into capacity increase Hirotoki in ink 
passage from the ink inlet is known. In this kind of recording head, two or more ink rooms separated by the septum of 
electrostrictive ceramics are formed. Ink supply means, such as an ink cartridge, are connected to the end of the ink 
room of these plurality. By preparing an ink injection nozzle (henceforth a nozzle) in the other end, and decreasing the 
capacity of an ink room according to deformation of said septum according to printing data, an ink drop is injected from 
said nozzle to a record medium, and an alphabetic character, a graphic form, etc. are recorded. 

[0003] In the ink fuel injection equipment of this kind of ink jet method, the drop mold on demand which injects an ink 
drop has spread from the goodness of injection effectiveness, the low price of a running cost, etc. As a drop mold on 
demand, there is a shearing mode type using piezoelectric material as shown in JP,63-247051,A. As shown in drawing 
12 , this kind of ink drop fuel injection equipment 600 consists of a ** mode actuator wall 603 which does not carry a 
bottom wall 601, a ceiling wall 602, and in the meantime. The actuator wall 603 consists of an up wall 605 made from 
piezoelectric material by which pasted the lower wall 607 by which pasted the bottom wall 601 and polarization was 
carried out in the arrow head 61 1 direction, and the ceiling wall 602, and polarization was carried out in the arrow head 
609 direction. The actuator wall 603 serves as a pair, and forms the ink room 613 between them, and forms the air 
chamber 615 between the actuator walls 603 of die following pair. 

[0004] At the end of each ink room 613, the nozzle plate 617 which has a nozzle 618 fixes, and the ink source of supply 
which is not illustrated is connected to the other end. The electrode 619,621 is formed in the both-sides side of each 
actuator wall 603 as a metalization layer. An electrode 619 is specifically formed in the actuator wall 603 by the side of 
the ink room 613, and the electrode 621 is formed in the actuator wall 603 by the side of an air chamber 615. In 
addition, it is covered with the surface of an electrode 619 by the insulating layer 630 for insulating with ink. And the 
electrode 621 facing an air chamber 615 is connected to a ground 623, and the electrode 619 prepared in the ink room 
613 is connected to the control unit 625 which gives an actuator driving signal. 

[0005] And when a control unit 625 impresses voltage to the electrode 619 of each ink room 613, each actuator wall 603 
carries out piezo-electric thickness skid deformation in the direction which increases the capacity of the ink room 613. 
For example, if voltage E (V) is impressed to electrode 619of ink room 613c c as shown in drawing 13 , the electric 
field of the direction of arrow heads 631 and 632 will occur in the actuator walls 603e and 603 f, respectively, and piezo- 
electric thickness skid deformation will be carried out in the direction in which the actuator walls 603e and 603f 
increase the capacity of ink room 613c. The pressure in ink room 613c which includes near nozzle 61 8c at this time 
decreases. Only the one-way propagation time T in the ink room 613 of a pressure wave maintains the impression 
condition of this voltage E (V). Then, ink is supplied from an ink source of supply in the meantime. 
[0006] In addition, the above-mentioned one-way propagation time T is time amount which needs the pressure wave in 
the ink room 613 to spread to the longitudinal direction of the ink room 613, and it is decided at the acoustic velocity a 
in the inside of length L of the ink room 613, and the ink of this ink room 613 interior that it will be T=L/a. 
[0007] According to the propagation theory of a pressure wave, if T hours pass since impression of the above-mentioned 
voltage, the pressure in the ink room 613 will be reversed and it will change to a positive pressure, but the voltage 
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currently impressed to electrode 621 of ink room 613c c according to this timing is returned to 0 (V). Then, return is 
added to the condition ( drawin g 12 ) before the actuator walls 603 e and 603 f deforming, and a pressure is applied to 
ink. Then, the pressure changed to positive [ said ] and the pressure generated by returning to the condition before the 
actuator walls 603 e and 603 f deforming are applied, a comparatively high pressure arises into the portion near nozzle 
618c of ink room 613c, and an ink drop is injected from nozzle 618c. In addition, the ink supply way 626 which is open 
for free passage to the ink room 613 is formed of the member 627 and the member 628. 
[0008] 

[Problem(s) to be Solved by the Invention] Conventionally, in order to perform high printing of resolution, it is 
necessary to inject by the small drop with this kind of ink drop fuel injection equipment 600, but, and when smearing 
away by performing dot injection continuously and recording a pattern since the drop is small if it does so, a white 
omission arises or printing concentration becomes thin. Moreover, when all are printed by the large dot, there is a 
problem that a quality of printed character deteriorates - an alphabetic character and a graphic form begin to write and a 
line with it becomes thick unnecessarily. [ neither a portion nor a fine beautiful and pattern, ] [ thin ] 
[0009] In addition, as shown in JP,2-2008,A, in order to solve the problem to which record image concentration falls in 
the early stages of record, when a period without record is detected, what controlled the power of the injection pulse for 
subsequent record is known. However, when it smears away using a small drop and a pattern is recorded in order to 
perform high printing of the above resolution even if it performs such control, the problem that a white omission arises 
is not still solved. 

[0010] If there is this invention when it is made in order to solve the trouble mentioned above, and printing continuously 
If it is when making the 1 st dot of the drop volume small, enlarging drop volume from the 2nd dot and printing by 
setting a gap By making drop volume small, it becomes possible to perform high printing of resolution, and moreover, 
when recording a painting-out pattern, a white omission arises, or it is canceled that printing concentration becomes 
thin, and it aims at offering the ink drop injection method which can print high quality, and its equipment. 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose invention according to claim 1 By 
impressing an injection pulse signal to an actuator for changing capacity of an ink room where it filled up with ink, 
make the ink interior of a room generate a pressure wave, and a pressure is applied to ink. In an ink drop injection 
method of making an ink drop injecting from a nozzle, an unit or two or more injection pulse signals are impressed to 
said actuator to predetermined periodic timing according to a single dot or a continuous printing instruction of two or 
more dots. When making an ink drop inject and injecting continuously as said injection pulse signal, the 1st shot of the 
beginning becomes a small ink drop, and what serves as a large ink drop is used after the 2nd shot. In this method, since 
a fine portion of printing becomes beautiful, and resolution can be made high and a large ink drop is used after the 2nd 
shot because the first ink drop of the 1st shot is small when injecting continuously, when a dot continues, it is lost that a 
crevice is made between dots. 

[0012] Moreover, in an ink drop injection method according to claim 1, invention according to claim 2 uses what serves 
as a small drop, when [ all ] setting only 1 dot and injecting a gap as said injection pulse signal. In this method, without 
crushing fine portions, such as an alphabetic character and a pattern, when setting and injecting a gap, it can print 
beautifully and resolution can be made high. 

[0013] Moreover, in an ink drop injection method according to claim 1 or 2, invention according to claim 3 considers as 
an injection pulse signal which makes an ink drop small, makes small peak value or pulse width of a pulse signal, adds a 
pulse for control, and although a pulse started and it changed /falling time amount or printing frequency, it uses any one 
or plurality. 

[0014] Moreover, an actuator to which invention according to claim 4 changes capacity of an ink room where it fills up 
with ink, and said ink room, As opposed to a drive power supply for impressing an electrical signal to said actuator, and 
a printing instruction of 1 dot In an ink drop fuel injection equipment equipped with a control unit which impresses an 
injection pulse signal to said actuator from said drive power supply in order to inject ink of the ink interior of a room 
said control unit According to a single dot or a continuous printing instruction of two or more dots, an unit or two or 
more injection pulse signals are impressed to said actuator to predetermined periodic timing. When making an ink drop 
inject and injecting continuously as said injection pulse signal, the 1st shot of the beginning becomes a small ink drop, 
and what serves as a large ink drop is chosen after the 2nd shot. An operation equivalent to claim 1 is acquired in this 
configuration. 

[0015] Moreover, in an ink drop fuel injection equipment according to claim 4, invention according to claim 5 chooses 
what serves as a small drop, when [ all ] said control unit sets only 1 dot as said injection pulse signal and injects a gap. 
[0016] Moreover, although made small peak value or pulse width of a pulse signal, having used said control unit as an 
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injection pulse signal which makes an ink drop small in an ink drop fuel injection equipment according to claim 4, a 
pulse for control was added, a pulse started and invention according to claim 6 changed /falling time amount or printing 
frequency, any one or plurality is chosen. 
[0017] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of this invention is explained with reference to a drawing. 
Since the configuration of the mechanical portion in the ink drop fuel injection equipment of the gestalt of this operation 
is the same as that of what is shown in drawin g 12 mentioned above, explanation is omitted. 

[001 8] An example of the concrete size of this ink drop fuel injection equipment 600 is described. Length L of the ink 
room 613 is 9mm. For the path by the side of ink drop injection, the path by the side of 40 micrometers and the ink 
room 613 is [ 72 micrometers and the length of the size of a nozzle 618 ] 100 micrometers. Moreover, the viscosity in 
25 degrees C of the ink with which the experiment was presented is about 2 mPa-s, and surface tension is 30 mN/m. the 
ratio of the acoustic velocity a and Above L in the ink in this ink room 613 ~ L/a (=T) was ISmicrosec. 
[0019] Next, the ink drop injected by the drive wave (injection pulse signal) impressed to the electrode 619 in the ink 
room 613 which is the gestalt of 1 operation of this invention is explained with reference to drawing 1 . Drawing 1 (a) 
and (c) of only one shot are the ink drops when setting and injecting a gap, when injecting, and it is made for a drop to 
become small. Drawing 1 (b) is an ink drop when injecting continuously, and the 1st shot of the beginning becomes a 
small drop and it is made to become a large drop after the 2nd shot. In addition, 1-5 are the numbers in the case of a 
continuation dot. 

[0020] Drawing 2 shows an example of a drive wave. Drive wave 10 is injection pulse signal [ for injecting the ink drop 
for printing for 1 dot ] A. Peak value (voltage value) is 20 (V). the ratio of the acoustic velocity [ **** / of injection 
pulse signal A ] a and Above L in the ink in the ink room 613 — it increases to a match (value of a head proper) odd 
times of L/a (=T), for example, is referred to as T= ISmicrosec. The period of the pulse in the case of printing the 
following dot continuously serves as lOOmicrosec (at the time [ This, ] of T= 15microsec about 6.66 T), when drive 
frequency is set to 10kHz (frequency is the inverse number of a period). 

[0021] Next, said injection pulse signal A is impressed according to a single dot or the continuous printing instruction of 
two or more dots, and various kinds of methods of obtaining the magnitude of a drop as shown in above-mentioned 
drawing 1 are explained below. Drawing 3 (a) shows the ink drop volume when changing ink drop injection frequency, 
and connects the blot of the measurement data in various kinds of frequency [ shot / 2nd shot and / 3rd ]. Drawing 3 (b) 
shows an ink drop volume of - of 1st shot the 5th shot when driving using various kinds of periods (7.0T-10.0T). An ink 
drop volume of the 1st shot serves as a value of an ink drop fuel-injection-equipment proper regardless of frequency, 
and are about 40 pl(s) (pico liter) with this operation gestalt (drop speed is about 7 m/s). 

[0022] As shown in this drawing, when a period is even times (6T, 8T, 10T) the time amount T, about the 2nd shot and 
the 3rd shot, ink drop volume increases compared with the 1st shot. In addition, periodic 8T are 120microsec and the 
frequency at this time is about 8.3kHz. Since there is such a property, the ink drop volume of the dot after the 2nd shot 
can become larger than that of the dot of the 1st shot by choosing printing frequency suitably. 

[0023] drawing 4 thru/or d rawin g 7 ~ a drive wave - how to make the first drop of the 1st shot small by 10 is shown. In 
these drawings, (a), (b), and (c) support (a) of drawing 1 , (b), and (c), respectively. Drawing 4 changes the voltage 
value (peak value) of an injection pulse signal, makes the voltage value after the 2nd shot high at (b) at the time of 
continuation dot injection, and, thereby, can enlarge drop volume after the 2nd shot relatively. When setting and 
injecting (a) and a gap only in the case of one shot, in (c), the pulse of a low voltage value equivalent to the 1st shot at 
the time of the above-mentioned continuation dot injection is generated. 

[0024] By d rawin g 5 changing pulse width, by shifting the pulse width of (a) and (c) intentionally from a proper value 
(odd times of said T) the 1st shot or other cases, drop volume is made small and, thereby, the same operation as the 
above is acquired at the time of continuation dot injection. [ (b) ] 

[0025] Drawin g 6 adds the pulse for control, and when setting and injecting (a) and a gap only in the case of one shot, it 
has added the non-injecting pulse (pulse width is smaller than an injection pulse signal) to the injection pulse signal of 
(c). By addition of this non-injecting pulse, that drop can be made small. The pulse of this not injecting increases the 
capacity of an ink room to the timing which pulls back a part of ink drop which jumped out of the nozzle by the 
injection pulse which mainly becomes. In continuation dot injection, in (b), as drawing 3 explained, the dot of the 1st 
shot can be made small by setting up printing frequency suitably, but you may make it add a non-injecting pulse to the 
pulse of the 1st shot like the case of the above (a) and (c). 

[0026] Drawing 7 changes the standup / falling time amount of a pulse, and makes loose the standup of the pulse of the 
dot which wants to make a drop small in this example. In addition, it not only sets up the standup / falling time amount 
of the above-mentioned frequency, a voltage value, pulse width, a non-injecting additional pulse, and a pulse 
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independently, but the volume of a drop is controllable combining these. 

[0027] Next, the gestalt of 1 operation of the control unit for realizing the above drive waves is explained using drawin g 
8 and drawin g 9 . The control unit 625 shown in drawing 8 consists of a charge circuit 1 82, a discharge circuit 1 84, and 
a pulse control circuit 186. The piezoelectric material and the electrodes 619 and 621 of the actuator wall 603 are 
expressed with a capacitor 191 equivalent. 191 A and 191B are the terminal. 

[0028] Input terminals 181 and 183 are input terminals which input the pulse signal for setting to E (V) and 0 (V) 
voltage given to the electrode 619 in the ink room 613, respectively. The charge circuit 182 consists of resistance R101, 
R102, R103, R104, and R105 and transistors TR101 and TR102. 

[0029] If an ON signal (+5V) is inputted into an input terminal 181, through resistance R101, a transistor TR101 will 
flow and current will flow in the direction of an emitter from the collector of a transistor TR101 through the positive 
power supply 187 to the resistance R103. Therefore, the partial pressure of the voltage concerning the resistance R104 
and R105 connected to the positive power supply 187 rises, the current which flows at the base of a transistor TR102 
increases, and between the emitter of a transistor TR102 and a collector flows. The voltage of the positive power 
supplies 187-20 (V) is impressed to a capacitor 191 and terminal 191 A through the collector of a transistor TR102 and 
an emitter, and resistance R120. 

[0030] Next, the circuit 184 for discharge is explained. The circuit 184 for discharge consists of resistance R106 and 
R107 and a transistor TR103. If an ON signal (+5V) is inputted into an input terminal 183, a transistor TR103 flows 
through resistance R106, and resistance R120 side-edge child 191A of a capacitor 191 is grounded through resistance 
R120. Therefore, the charge currently impressed to the actuator wall 603 of the ink room 613 shown in drawing 12 and 
drawin g 13 discharges. 

[0031] Next, the pulse control circuit 186 which generates the pulse signal inputted into the input terminal 181 of a 
charge circuit 182 and the input terminal 183 of the circuit 184 for discharge is explained. CPU1 10 which performs 
various kinds of data processing is formed in the pulse control circuit 1 86. To CPU1 10 Here where ON and ROM1 14 
which has memorized the sequence data which generates an off signal are connected to the control program and timing 
of RAMI 12 and the pulse control circuit 186 which memorize printing data and various kinds of data As shown in 
dr awin g 9 , ink drop injection control program storage area 1 14A and drive data-point storage area 1 14B are prepared in 
ROM1 14. and - drive data-point storage area 1 14B - a drive wave — the sequence data of 10 is memorized. 
[0032] Furthermore, CPU1 10 is connected to I/O bus 116 which exchanges various kinds of data, and the printing data 
receiving circuit 118 and pulse generators 120 and 122 are connected to I/O bus 116 concerned. The output of a pulse 
generator 120 is connected to the input terminal 181 of a charge circuit 182, and the output of a pulse generator 122 is 
connected to the input terminal 183 of the circuit 184 for discharge. 

[0033] CPU1 10 controls pulse generators 120 and 122 according to the sequence data memorized by drive data-point 
record area 1 14B of ROM 1 14. Therefore, a driving pulse of a drive wave which was mentioned above can be given to 
the actuator wall 603 by making drive data-point storage area 1 14B in ROM1 14 memorize the various patterns of the 
aforementioned timing beforehand. 

[0034] In addition, only the number as the number of nozzles with same pulse generators 120 and 122, charge circuit 
182, and discharge circuit 184 is prepared. Although it represented with the gestalt of this operation and control of one 
nozzle was explained with it, it is control with the same said of control of other nozzles. 

[0035] Drawing 10 (a) and (b) are the functional block diagrams of the above-mentioned control unit 625, and show the 
flow of the signal of a printing instruction. In this drawing (a), a printing instruction is given to a driver circuit as a 
control signal from driver software. Based on it, a driver circuit reads the various data stored in ROM, generates a 
driving signal, and drives an actuator. The driver circuit memorizes whether it is what each dot injection follows, or a 
gap is set, and changes a drive wave here as mentioned above based on the data of ROM according to the condition. In 
this drawing (b), a printing instruction is changed into a control signal with reference to a table with driver software, and 
the control signal is given to a driver circuit, is made into a driving signal in a driver circuit, and, thereby, drives an 
actuator. In this example, driver software changes a drive wave like the above based on the data of a table. 
[0036] Drawin g 1 1 is drawing showing the printing result at the time of printing by the conventional method and the 
method of this operation gestalt. This drawing (a) is the case where all are printed by the large dot, and a left-hand side 
thin line will become thick. This drawing (b) is applied to this operation gestalt, it is the case where it prints by the first 
drop small 1 dot, and beautiful printing is obtained. This drawing (c) is the case where all are printed by the small dot, 
and will bring a printing result in which a crevice is conspicuous between dots. Thus, according to this operation gestalt, 
good printing without the white omission in a continuation dot portion can be obtained, raising the resolution in a fine 
portion. In addition, a desirable result is obtained also in record of images, such as shading printing and a photograph. 
[0037] As mentioned above, although the gestalt of operation was explained, this invention is not limited to this. For 
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example, the ink drop fuel injection equipment 600 is not restricted to the configuration of the gestalt of the above- 
mentioned implementation, and the direction of polarization of piezoelectric material may use the thing of reverse. 
Moreover, although the air chamber 61 5 is formed in the both sides of the ink room 613, you may make it an ink room 
adjoin with the gestalt of this operation, without preparing an air chamber. Furthermore, it is usable in what carries out 
the laminating of the piezoelectric material, and the configuration of generating a pressure wave is sufficient as, and 
generates a pressure wave not only in piezoelectric material but in an ink room according to deformation of the direction 
of a laminating with the gestalt of this operation although the actuator used the thing of a shearing mode type. 
[0038] 

[Effect of the Invention] When injecting an ink drop continuously as mentioned above according to the ink drop 
injection method of this invention, and its equipment By making the first ink drop of the 1st shot small, making the ink 
drop after the 2nd shot large, and making only 1 dot into a small ink drop, when [ all ] setting and injecting a gap, 
resolution can be made high and fine portions, such as an alphabetic character and a pattern, can be printed beautifully. 
Moreover, when a dot records a painting-out pattern continuously, a white omission arises, or it is prevented that 
printing concentration becomes thin, and it becomes printable [ high quality ]. 



[Translation done.] 
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